This study was designed to analyze the relationship between measurement of airway length with cephalometry and AHI in children with OSA and to assess the correlations between cephalometric parameters and salivary cortisol level. Subjects and Method: Three parameters of the upper airway were measured by cephalometry: distance from the posterior nasal spine to the hyoid bone (PHy), distance from the mandibular plane to the hyoid bone (MP-Hy), and distance from the posterior nasal spine to the mandibular plane (P-MP). Ratios for each segment were also determined. Results: Subjects with OSAS had longer P-Hy and MP-Hy than the control group. In particular, MP-Hy was significantly longer in the moderate-severe group than the other groups. In the OSAS group, there were significant correlations between MP-Hy, Ratio1, Ratio3 and m-Cor, s-Cor. Conclusion: Length of upper airway and ratio parameters of cephalometry may be more useful indices in moderate-severe OSA than absolute distance parameters, and Ratio1 may be valuable for prediction of activating HPA axis.
INTRODUCTION
Obstructive sleep apnea syndrome (OSAS) is characterized by repeated episodes of partial or complete cessation of airflow during sleep, and is a relatively common disorder with a prevalence of 1% to 6% in pediatric subjects. [1] [2] [3] Thus, the American Academy of Pediatrics recommends screening all snoring children for OSAS. 1) The gold standard for the diagnosis of OSAS remains overnight polysomnography (PSG), but it is not routinely performed for all suspicious pediatric subjects because of its expense, timeconsuming nature, and the high cure rate by adenotonsillectomy. To date, no standard screening protocol for OSAS has been developed in pediatrics. Although a few diagnostic methods such as questionnaires and physical examinations have been studied, their diagnostic accuracy has not been demonstrated or compared to a standard diagnostic method. 4) The human larynx is thought to descend from its original position along with the development of phonation or speech in human evolution, resulting in elongation of the upper airway. This pharyngolaryngeal elongation may have increased the risk for obstructive sleep apnea (OSA), 5) because a pharyngolaryngeal segment without outer skeletal supports is known as the main cause of airway collapse in OSA. Assuming that the upper airway in humans is cylindrical in shape, the length and radius of the pharyngeal segment could affect resistance to airflow, according to Poiseuille's law. In other words, an increase in the length of the pharyngeal segment would be expected to increase the possibility of the development of OSA. It is difficult to measure of radius of the human pharyngeal segment and its changes according to inspiration and expiration, but the length of the pharyngeal segment is relatively consistent. Cephalometry is an inexpensive and non-invasive technique that measures the pharyngolaryngeal length. Although cephalometric analysis has been used to evaluate the obstructive upper airway, there are many parameters to measure and no standard parameters to diagnosis OSA.
The objective of this study is to evaluate the relationship between cephalometric pharyngolaryngeal length and OSA, investigating which cephalometric parameters can be more reliable indices.
SUBJECTS AND METHOD Subjects
This study subjects were 102 children, enrolled retrospectively, who underwent PSG for sleep evaluation at the Department of Otolaryngology and Head and Neck Surgery (St. Vincent's Hospital, Suwon, Republic of Korea) between January 2011 and December 2012. The study protocol was reviewed and approved by the Ethics Committee for Clinical Studies at St. Vincent's Hospital, The Catholic University of Korea. All subjects underwent thorough otorhinolaryngological examinations and full, attended overnight polysomnography. We excluded 52 subjects who did not undergo cephalometry, and 11 subjects who were obese (BMI＞25 kg/m 2 or BMI＞95th percentile). In total, 39 children with no craniofacial anomaly and no sleep disorder except OSA were included. Tonsil sizes were measured according to the Brodsky tonsil index, and adenoid sizes were measured as described by Fujioka et al. 6) 
Polysomnography
All methods and equipment used in this study for PSG were used as described in our previous reports. 7)8) Briefly, full, attended overnight PSG was performed in all participants using a computerized PSG system (Somnologica software and Embla S700/A10 hardware; Embla Systems Inc., Broomfield, CO, USA). Physiological signals were recorded with four EEG channels, two EOG channels, one ECG-lead, three EMGs (chin, anterior tibialis muscles, right and left), and one body position sensor. Respiratory signals were monitored with a nasal pressure transducer, an oral thermistor, a thoracic and abdominal respiratory effort sensor (Piezo type), a pulse oxymeter, and a neck vibration sensor for snoring. All measured parameters were interpreted manually by a certified technician and were reviewed by a doctor.
Apnea was defined as the absence or reduction of ＞90% of oronasal airflow for ＞90% of the entire event for a period lasting at least two regular breaths. Hypopnea was defined as a 50% or greater air flow reduction for ＞90% of the entire event lasting for at least two regular breaths, with a desaturation of 3% or greater, awakening, or EEG arousal. The AHI was defined as the number of apnea and hypopnea episodes per hour of total sleep time. OSA in pediatric subjects was defined as AHI＞1.
Cephalometry
Lateral cephalometry was obtained using standard techniques in an upright position during the end-expiratory phase. Bilateral ear rods were inserted into patient's external ear canal, and the patient's forehead was placed on a headrest to maintain the Frankfort plane parallel to the ground. All subjects were asked to keep their teeth and jaws in centric relation, and to close their lips and teeth naturally. Initially, we measured three distances, but because the absolute value of the length may not reflect OSAS because growth in children varies by individual, three parameter ratios from the three distance parameters were also calculated. The reference point and parameters used are shown in Fig. 1 and Table 1 .
Statistical analyses
Statistical analyses were conducted using SPSS software (SPSS Inc., Chicago, IL, USA). After the Shapiro-Wilk test was performed, a parametric statistical analysis was performed for variables that followed a normal distribution, and non-parametric statistics were used for variables that did not follow a normal distribution. Quantitative variables in the OSAS (AHI ＞1) and control (AHI ≤1) groups were compared using the Student's t-test, Wilcoxon rank sum test, and χ 2 test. ANOVA and the Kruskal-Wallis test, followed by a post-hoc Dunn's test were performed to investigate the relationship between cephalometric parameters and OSAS severity among the control group and each OSAS subgroup. Receiver operating characteristic (ROC) curves were used to determine the sensitivity and specificity associated with a given cut-off of the cephalometric parameters and in terms of predicting a positive PSG. Univariable logistic regression analysis was used to calculate the odds ratio (OR).
RESULTS
The subjects (n=39) were divided into control (n=18, AHI ≤1) and OSAS (n=21, AHI ＞1) groups. The demographic data and PSG finding are presented in Table 2 . The ratio of males:females in the OSAS group (17 males, 80.9%; 4 females, 19.1%) differed from that of the control group (9 males, 50%; 9 females, 50%). There were no significant differences in BMI between the groups. The mean age of the OSAS group (5.9±2.2) was younger than the control group (7.2±1.9), although not statistically significant (p=0.06). Thus, we adjusted the p-values for age and gender.
As shown in Table 3 , tonsil size and adenoid ratio did not differ between the groups. The PHy and MP-Hy in the OSAS group were significantly longer than in the control group. However, there were no significant differences in P-MP between groups. Ratio 2 was lower, and Ratios 1 and 3 were higher in the OSAS group after adjusting for age and gender. Table 4 ). Although there was no statistically significant difference, MP-Hy and Ratio 3 showed a positively correlated trend (r=0.3987, p=0.0734 and r= 0.3896, p=0.0808, respectively).
After dividing the OSAS group into mild (1＜AHI≤5) and moderate-severe (AHI＞5) severity, P-Hy was significantly longer in the moderate-severe group than in the con-trol group (Table 5) . Additionally, MP-Hy was significantly longer in the moderate-severe group than in the control and mild groups. Ratios 1 and 3 were higher in the moderate-severe group than in the other two groups, and Ratio 2 was lower in the moderate-severe group than in the control group. There was no statistically significant difference between the control and mild groups for any parameter.
ROC curves were constructed; the area under the curves represented the discriminatory power of each parameter in predicting moderate-severe OSAS ( Table 6 ). Almost all parameters showed statistical significance, except tonsil size and P-MP parameters. In particular, P-Hy, MP-Hy, and Ratios 1, 2, and 3 showed high areas under the curve compared to AN-r. Although the sensitivities of ratio parameters (Ratios 1, 2, and 3) were lower than those of absolute distance parameters (P-Hy, MP-Hy, and P-MP), the specificities of ratio parameters were more than 90%.
Univariate logistic regression analysis showed that the ORs of ratio parameters were higher than those of absolute distance parameters ( Table 7 ). The ratio parameters had higher ORs (-3fold) than the absolute parameters. This in- Area under the ROC curve using to determine cut-off point of factor's in OSAS. Sen: Sensitivity, Spe: Specificity, AUC: area under the curve dicates that ratio parameters were more useful in predicting moderate-severe OSAS subjects than absolute values.
DISCUSSION
The gold standard for the diagnosis of OSAS in children remains attended overnight polysomnography (PSG). However, in the United States, only 10% of children are treated for sleep-disordered breathing based on a PSG result. 9) Many otolaryngologists decide on adenotonsillectomy based on adenotonsillar size or medical history provided by the caregiver. Even in adults, tonsil size may influence the severity of OSA. 10) However, it is quite difficult to predict the presence or severity of OSAS on the basis of physical examinations of tonsil and adenoid size. 11) In this study, physical parameters (tonsil size and adenoid ratio) did not show differ between the control group and the OSAS group, and even after additional grouping according to OSAS severity, there were no statistically significant differences in physical parameters (Table 5 ). This indicates that a simple physical examination may not be sufficient to predict the existence of OSAS. A questionnaire for OSAS has also been used, but the results in terms of diagnostic accuracy are inconsistent. 12) Cephalometric analysis is a simple, objective, and noninvasive method for facial skeletal, orthodontic assessment related to OSAS. Various parameters from cephalometric images have been measured and used to assess pediatric subjects suspected of having OSAS. Although these parameters are reportedly related to OSAS, they can be difficult to directly apply to each patient. Thus, in this study, we sought to find a simple and intuitive cephalometric parameter associated with OSAS.
As mentioned above, human laryngeal descent is a part of human evolution involving phonation and speech, resulting in a long, narrow, and collapsible upper airway. Elongation of the larynx might be associated with a higher risk of OSAS. 13) In previous adult studies, Yoshihiro et al. used CT scans in Japanese adult patients to demonstrate that airway length from the posterior end of the hard palate to the vocal cord that was significantly associated with AHI. 5) Similarly, Segal et al. used CT scans to show that the distance between the posterior part of the hard palate bone to the upper posterior part of the hyoid bone significantly correlated with AHI in adults (r=0.406, p=0.049). 14) In cephalometric analyses of adults, similar results have been reported. 15) According to these reports, it is possible that upper airway length is associated with severity of OSAS. However, in pediatric subjects, it is not easy to justify CT scans due to the relatively high radiation exposure. Thus, lateral cephalometry is commonly used to evaluate upper airway length. Because lateral cephalometry may not be reliable in identifying the precise location of the epiglottis or vocal cord, in this study, we used the hyoid bone and posterior nasal spine (PNS) as landmarks.
In our results, similar to those found in adults, the upper airway length (P-Hy) was somewhat longer with increasing OSAS severity. Although the OSAS group was younger than the control group, the absolute length of the upper airway was longer in the OSAS group than in the control group, supporting the fact that a longer airway might be associated with a higher risk of OSAS. However, there are also some reports contrary to our results. For example, the study in children with OSA using magnetic resonance imaging was reported by Arens et al. 16) They reported that the mean cross-sectional area of the total airway, minimal crosssectional area, and airway volume were significantly small- Statistics were carried out using logistic regression er in the OSAS group, but that the upper airway length did not differ between the control and OSAS groups. These results might be because the authors did not conduct PSG in the control group, and subjects were only screened by medical history and questionnaire completion. In addition, subjects in the OSAS group were not divided according to severity, so the effects of OSA severity were not considered. In our study, the control group and the mild OSAS group did not show statistically significant differences among cephalometric parameters, and only the moderatesevere group showed differences in airway length compared to the control and mild groups. Among the various cephalometric parameters measured, the lower segment of the upper airway (MP-Hy) showed a significant increase in the moderate-severe group, and there were no significant differences between the control and mild groups. The upper segment of the upper airway (PMP) did not show a significant change according to OSAS severity (Table 5 ). These results suggest that the distance of the lower segment of the upper airway (MP-Hy) might be an important parameter for discriminating the moderatesevere group from other groups, and hyoid bone position might be an important factor related to OSAS severity.
Similar results have been reported in other studies. For example, Vieira et al. reported that hyoid bone position was inferiorly positioned in pediatric subjects with OSAS, 17) and that the distances from the hyoid bone to the hard palate and mandibular plane were longer in OSAS patients compared to nasal breathing patients by analysis of lateral cephalometry. Ping-Ying Chiang et al. reported similar results in pediatric OSAS subjects in Taiwan. 18) The authors found that the retroglossal space and hyoid were the most important parameters in predicting OSAS, and most other cephalometric parameters did not differ among the control and OSAS groups.
Growth patterns in children vary by individual. That is, even among children who are the same age, skeletal growth differs from individual to individual. Compared to absolute values from cephalometric assessments, the ratios of the distances may be a more reliable and consistent index in children. As shown in our study, univariable logistic regression analysis demonstrated that the ORs of ratio parameters were higher than absolute length values in identifying moderate-severe OSAS patients (Table 7 ). In addition, ratios of cephalometric parameters showed low sensitivities, but high specificities, of 90% or more.
Our study had some limitation. First, the OSAS group was divided into two, rather than three subgroups according to AHI, because the number of patients in each OSAS subgroup was not even. Second, this study did not assess enough subjects to perform a multiple regression analysis. Third, in patients with obstructive sleep apnea during asleep, the movement of upper airway is different from that of the awoken state. 19) 
CONCLUSIONS
Measurements of whole airway length and the lower part of the upper airway on cephalometric images may be valuable in identifying patients with moderate-severe OSA. Moreover, ratios of each cephalometric parameter may be more reliable and consistent indices than absolute length. The ratios measurement of cephalometric values may be a useful and simple method for identification of pediatric OSAS .
